Introduction
Peanut, or groundnut (Arachis hypogaea L.), is a species in the legume or "bean" family (Fabaceae). Hypogaea means "under the earth" [1] . Peanuts are known by many other local names such as earthnuts, goober peas, monkey nuts, pygmy nuts and pig nuts [2, 3] . Peanut was probably first domesticated and cultivated in the valleys of Paraguay [3] .
The domesticated peanut is an amphidiploid or allotetraploid, meaning that it has two sets of chromosomes from two different species, thought to be A. duranensis and A. ipaensis. These likely combined in the wild to form the tetraploid species, A. monticola, which gave rise to the domesticated peanut [4, 5] . This domestication might have taken place in Paraguay or Bolivia, where the wildest strains are found today. Archeologists have dated the oldest specimens to about 7,600 years, found in Peru [3, 4] . Cultivation spread as far as Mesoamerica where the Spanish conquistadors found the tlalcacahuatl (Nahuatl = "peanut", whence Mexican Spanish, cacahuate and French, cacahuète) being offered for sale in the marketplace of Tenochtitlan (Mexico City). The plant was later spread worldwide by European traders [3] .
Peanuts grow best in light, sandy loam soil. They require 120 to 150 days of warm weather, and an annual rainfall of 380 to 650 mm or the equivalent in irrigation water [6] . It is an annual herbaceous plant growing 30 to 50 cm tall. The leaves are opposite, pinnate with four leaflets (two opposite pairs; no terminal leaflet), each leaflet 1 to 7 cm long and 1 to 3 cm wide. The orange-veined, yellow-petaled, pea-like flower (2 to 4 cm across) of A. hypogaea is borne in axillary clusters above ground. Following self-pollination, the flowers fade and wither. The stalk at the base of the ovary, called the pedicel, elongates rapidly, and turns downward. system becomes intertwined with the peanut plant, causing peanut pods to be stripped from the vine during digging. Peanuts that become detached from the plant remain unharvested in or on the soil [18] .
Rank
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The dinitroaniline herbicides are registered for use in over forty crops [19] . These herbicides provide excellent control of annual grasses [10, 18, 20] and are the only soil-applied herbicides registered for use in peanut that will provide full-season control of Texas millet [10, 21, 22] . Peanut tolerance to the dinitroaniline herbicides has been questioned previously [23, 24, 25] . Greenhouse studies showed that ethalfluralin inhibited seedling growth more than pendimethalin at equivalent rates applied preplant incorporated; however, injury by these herbicides following preemergence applications were similar [26] . In runner peanuts, which are more prone to peg injury compared to Spanish peanut [27] , proper herbicide incorpora-tion was needed to prevent injury [28] . Merkle [27] stated that sporadic injury to runner peanut from trifluralin was due to the failure to properly incorporate the herbicide. No differences were observed in a study examining peanut growth, yield, and grade effects with ethalfluralin, pendimethalin, or trifluralin in two different studies [24, 29] . In Florida, ethalfluralin did not cause peanut injury at any rate or application timing [23] . Dinitroaniline injury on peanut includes swollen hypocotyl, abnormal lateral root growth, and stunted plants [18, 28] .
Metolachlor is commonly used in peanut for control of small-seeded broadleaf weeds, some annual grasses, and yellow nutsedge [30] . S-metolachlor is labeled for either preplant incorporated (PPI), POST-plant incorporated, preemergence (PRE), postemergence (POST), or layby in peanut [31] . The registered rate for the southwest United States is 1.1 to 1.4 kg/ha [31] . However, many growers have reported peanut stunting when soil applications of metolachlor have been followed by rain [30] . Grichar et al. [30] reported that POST applications of metolachlor followed by (fb) irrigation within 24 hour could be effective for yellow nutsedge control and reduce the chance of peanut injury from soil applications of metolachlor. Combinations of factors, such as herbicide rate, moisture conditions at planting, soil organic matter, and pH may affect peanut injury by chloroacetamide herbicides such as S-metolachlor [32] [33] [34] [35] . Cardina and Swann [32] reported that metolachlor often delayed peanut emergence and reduced peanut growth when irrigation followed planting. However, yield loss was observed only when metolachlor was applied at a 3X rate.
Several postemergence herbicides are used to control weed escapes. Imazethapyr and imazapic are imidazolinone herbicides registered for use in peanut. Imazethapyr may be applied PPI, PRE, ground cracking (GC), or POST for effective weed control [10] . Imazethapyr applied PPI or PRE controls many troublesome weeds such as coffee senna (Cassia occidentalis L.), common lambsquarters (Chenopodium album L.), morningglory species (Ipomoea spp.), pigweed species (Amaranthus spp.) including Palmer amaranth, prickly sida (Sida spinosa L.), purple and yellow nutsedge (Cyperus rotundus L. and C. esculentus L., respectively), spurred anoda [Anoda cristata (L.) Schlecht.], and wild poinsettia (Euphorbia heterophylla L.) [29, [36] [37] [38] [39] .
Imazethapyr applied POST provides broad spectrum and most consistent control when applied within 10 days of weed emergence [37, 40, 41] . Imazethapyr and imazapic are the only POST herbicides to effectively control both yellow and purple nutsedge [29, 42] . Control is most effective when imazethapyr is applied to the soil or to yellow nutsedge that is no more than 12 cm tall [10, 42, 43] .
Imazapic is similar to imazethapyr and controls all the weeds controlled by imazethapyr [10, [44] [45] [46] . In addition, imazapic provides control and suppression of Florida beggarweed [Desmodium tortuosum (S.W.) D.C.] and sicklepod [Senna obtusifolia (L.) Irwin & Barneby), which are not adequately controlled by imazethapyr [47] . Imazethapyr provides consistent control of many broadleaf and sedge species if applied within 10 days after emergence, but imazapic has a longer effectiveness period when applied POST [10, 42, 46, 48] [49, 50] . Despite its widespread use across the peanut belt, chlorothalonil continues to provide effective control of foliar diseases [50, 51] ; however, it has no activity against any of the soilborne diseases such as southern stem rot caused by Sclerotium rolfsii Sacc. or Rhizoctonia pod or stem rot caused by Rhizoctonia solani Kühn [49, 52, 53] . Within the past 15 years, several fungicides, including the sterol biosynthesis inhibitor fungicide, tebuconazole, along with the strobilurin fungicides azoxystrobin and pyraclostrobin have been registered for use in peanut for control of both leaf spot and soilborne diseases [49, [52] [53] [54] [55] .
Depending on the fungicide, the calendar spray regime in the southeastern United States may result in seven applications [50, 52] while in the southwest United States peanut growing region a maximum of five fungicide applications may be applied during the growing season [53, 56] .
Chlorothalonil is used to fill the remaining treatment slots in an azoxystrobin, pyraclostrobin, tebuconazole program to minimize the risk of fungal pathogens developing resistance to triazole or strobilurin fungicides [57] .
Prothioconazole is a sterol biosynthesis inhibitor fungicide in the new triazolinthione class of fungicides [58] that has shown activity against the leaf spot pathogens, C. arachidicola and C. personatum, as well as the soilborne pathogens S. rolfsii and R. solani [59] . Prothioconazole has shown promise for control of cereal diseases in Europe when applied alone or in combination with strobilurin fungicides [58] . In addition, the activity of this fungicide on foliar diseases is of special interest because populations of both C. arachidicola and C. personatum have displayed reduced sensitivity to tebuconazole and noticeable reductions in efficacy of that fungicide [59] . Prothioconazole plus tebuconazole received registration for use in peanut during the 2008 growing season [60] .
Management strategies to protect peanut from various weeds, insects, and fungi require multiple applications of herbicides, insecticides, or fungicides. Timing of application of herbicides and fungicides may coincide during the growing season, and co-application of these pesticides is desirable if herbicide or fungicide performance and peanut tolerance are not compromised [61] . Potential interactions related to physiological effects on plants and other organisms, application variables such as adjuvant, water quality, commercial formulation, and environmental stress can affect pesticide compatibility [61] .
Research needs
Considerable research has been conducted over the past several years to define interactions among pesticides including interactions of herbicides in mixture with other herbicides and fungicides [62] [63] [64] [65] . Peanut fungicides are applied beginning approximately 30 to 60 days after planting and can be applied until a few weeks prior to digging. Efficacy of clethodim and sethoxydim can be reduced by co-application with copper-containing fungicides or azoxystrobin, chlorothalonil, and pyraclostrobin [8, 66, 67] . Fluazinam and tebuconazole did not reduce grass control compared with graminicides applied alone [8, 9, 66] . Efficacy of herbicides that control dicotyledonous weeds and sedges are not generally affected by fungicides [66] . Weed species and size, and plant stress can affect the magnitude of interactions between herbicides and fungicides [66] .
Additional research was conducted to define potential interactions of various postemergence herbicides and fungicides when used in combination on peanut for control of various broadleaf weeds and annual grasses. Therefore, the purpose of this research was to determine interactions of postemergence grass (clethodim and sethoxydim) and broadleaf herbicides (lactofen, imazethapyr, imazapic, aciflurofen, and 2,4-DB) with commonly used peanut fungicides (boscalid, fluazinam, pyraclostrobin, tebuconazole, or prothioconazole plus tebuconazole) for annual grass and broadleaf weed control in peanut as well as the response to foliar and soilborne disease development. The experimental design was a randomized complete block with a factorial arrangement of two grass or five broadleaf herbicides by three fungicides with three replications. All studies included a non-treated control. Each plot consisted of two rows spaced 97 or 101 cm apart and 7.6 m long.
Research methods with tank

Weed efficacy studies
Weed efficacy studies were divided into two groups: 1) a grass herbicide study and 2) a broadleaf weed study. The grass herbicide study included clethodim at 0.14 kg ai/ha or sethoxydim at 0.21 kg ai/ha while the broadleaf weed study included aciflurofen at 0. . Typically, treatments were applied when annual grasses were 10 to 26 cm tall, Palmer amaranth was 15 to 30 cm tall, horse purslane was 10 to 20 cm tall, and smellmelon was 15 to 30 cm in length. No attempt was made to harvest peanut in the efficacy studies due to the difficulty in digging weedy plots [10, 13, 17] .
Weed-free studies
Studies also were conducted under weed-free conditions at the Lamesa and Halfway in 2008 and 2009. Plots were maintained weed-free with ethalfluralin (Sonalan HFP®, Dow AgroSciences, 9330 Zionsville Road, Indianapolis, IN 46268) at 0.84 kg/ha applied preplant incorporated. At Lamesa, Flavor Runner 458 was planted in 2008 while Tamrun OL02 was planted in 2009; at Halfway, the Spanish market type, OLin [70] was planted both years of the study. Seeding rate for the runner market cultivars (Flavor Runner 458, Tamrun OL02) was 90 kg/ha while OLin was planted at 100 kg/ha. Peanut phytotoxicity ratings were recorded throughout the growing season and peanut yield was obtained by digging each plot separately, air-drying in the field for 4 to 7 days, and harvesting pods from each plot with a combine. Weights were recorded after soil and trash were removed from plot samples were adjusted to 10% moisture.
Weed control and peanut phytotoxicity, expressed as chlorosis and necrosis of leaf tissue, was visually estimated on a scale of 0 to 100 (0 indicating no weed kill or leaf chlorosis or necrosis and 100 indicating complete weed or peanut kill), relative to the non-treated control. Weed control was recorded approximately four weeks after POST herbicide applications while peanut phytotoxicity was recorded 5 to 14 days after herbicide application.
Data analysis
Weed control and peanut injury data were transformed to the arcsine square root prior to analysis of variance, but are expressed in their original form for clarity because the transformation did not alter interpretation. Visual estimates of weed control and peanut injury, and yield were subjected to analysis of variance to test effects of POST herbicide and fungicide. Means were compared with the appropriate Fisher's Protected LSD test at the 5% probability level. The non-treated was not included in weed efficacy or peanut injury analysis but was included in peanut yield analysis.
Disease control with tank-mix combinations
Studies were conducted in two different peanut growing regions of Texas to determine disease control and peanut response to applications of herbicides and fungicides applied alone and in combination. Field studies at south Texas were conducted at the Texas A&M AgriLife Research site near Yoakum while the central Texas studies were conducted at the Texas A&M AgriLife Research and Extension Center near Stephenville. Soils at the Yoakum site were described previously. This site has been in continuous peanut for over forty years so there was a high concentration of soil-borne and foliar disease inoculum. The soil at the Stephenville site was a Windthorst loamy sand (fine mixed thermic Udic Paleustalfs) with less than 1% organic matter and pH 7.6.
Disease efficacy studies
Studies in south Texas were conducted from 2008 to 2010 on early leaf spot and southern blight. These studies included the fungicides pyraclostrobin at 0.27 kg ai/ha, tebuconazole at 0.23 kg ai/ha, and the premix of prothioconazole at 0.084 kg ai/ha plus tebuconazole at 0.168 kg ai/ha and the herbicides aciflurofen at 0.42 kg ai/ha, clethodim at 0.14 kg ai/ha, imazapic at 0.07 kg ai/ha, imazethapyr at 0.07 kg ai/ha, lactofen at 0.22 kg ai/ha, sethoxydim at 0.21 kg ai/ha, or 2,4-DB at 0.42 kg ai/ha. Fungicides and herbicides were applied alone and in combination to determine efficacy against foliar and soilborne diseases. No adjuvant was included in these studies in 2008 or 2009; however, in 2010 a crop oil concentrate (Agri-Dex, a blend of 83% paraffin-based petroleum oil and 17% surfactant) at 2.3 L/ha was added to each treatment.
Fungicides and herbicides alone and in combination were applied with a CO2-pressurized backpack sprayer equipped with three D2-23 hollow-cone spray nozzles per row in 140 L of water/ha at a pressure of 504 kPa. The experimental design was a randomized complete block with a factorial arrangement of seven herbicides by three fungicides. All studies included a non-treated control. Each plot consisted of four rows spaced 97 cm apart and 6.3 m long. The variety Tamrun OL02 [68] Studies conducted in central Texas focused on early leaf spot and Sclerotinia blight caused by Sclerotina minor Jagger. These studies included the herbicides clethodim at 0.14 kg ai/ha and sethoxydim at 0.21 kg ai/ha and the fungicides boscalid at 0.49 kg ai/ha and fluazinam at 0.88 kg ai/ha. Agridex at 1.0% v/v was included in all treatments. Each plot consisted of two rows spaced 91 cm apart and 7.9 m long. Fungicides and herbicides were applied alone and in combination with a CO2-pressurized backpack sprayer equipped with two 8002VS flat fan spray nozzles per row in 140 L of water/ha at a pressure of 134 kPa. The runner-type variety Flavor Runner 458 [69] was planted each year of the study at 95 kg/ha.
Typical peanut injury resulted in rapid damage to plant tissue after application and manifested as small necrotic lesions. The visible injury on leaflets with 2,4-DB was common and consisted of typical 2,4-DB damage which consisted of elongated leaflets with a slightly faded appearance [10] . This symptomology was not visible on new growth and remained visible on lower leaves throughout the growing season. Peanut phytotoxicity ratings were recorded 7 days after treatment at Yoakum. Peanut injury was estimated visually on a scale of 0 to 100 (0 indicating no leaf chlorosis or necrosis and 100 indicating complete peanut kill), relative to the non-treated control. Severity of leaf spot was rated in the center two rows using the Florida leaf spot scoring system where 1 = no leaf spot, and 10 = plants completely defoliated and dead because of leaf spot [49, 59] . Values of 1 through 4 on the scale reflect increasing incidence of leaflets with spots, and occurrence of spots in lower versus upper canopy of the plots; whereas values 4 through 10 reflect increasing levels of defoliation [51] . The leaf spot rating was recorded immediately prior to peanut digging.
Loci of southern stem rot or Sclerotinia blight (where applicable) were counted immediately after peanut plants were inverted. A locus represented 31 cm or less of linear row with one or more plants infected with S. rolfsii or S. minor [72] . Plots were harvested in south Texas in 2008 and 2010, but not in 2009 due to extremely wet conditions which persisted during late October and November and prevented digging of individual plots (Table 1) All test areas were maintained weed-free with a preemergence tank-mix application of pendimethalin at 1.06 kg ai/ha plus S-metolachlor at 1.42 kg ai/ha. Overhead sprinkler irrigation was applied on a 1-to 2-week schedule throughout the growing season as needed.
Data analysis
Peanut yields were obtained by digging each plot separately, air-drying in the field for 4 to 7 days, and harvesting pods from each plot with a combine. Weights were recorded after soil and trash were removed from plot samples were adjusted to 10% moisture. Leaf spot ratings and incidence of soilborne disease development were used for comparison of tank-mix combinations. Data were analyzed using PROC GLM with SAS (SAS Institute, Inc., Cary, NC) and a model statement appropriate for a factorial design. Treatments means were separated by Fisher's protected least significant difference test at P≤0.05.
Effects of tank mix combinations on weed control, peanut phytotoxicity, and peanut yield 4.1. Weed efficacy with combinations of herbicides plus fungicides.
There was no herbicide by fungicide by year interaction for Texas millet, southern crabgrass, or broadleaf signalgrass control; therefore, that data are combined over clethodim and sethoxydim herbicides.
Annual grass control
No differences in broadleaf signalgrass, Texas millet, or southern crabgrass control were noted between clethodim or sethoxydim when applied alone or in combination with any of the fungicides (Table 2 ). Grichar [73] reported that clethodim and sethoxydim controlled 3 to 10 cm tall Texas millet and southern crabgrass at least 85%. Clethodim applied to 15 to 25 cm tall Texas millet or southern crabgrass provided no better than 89% Texas millet control while southern crabgrass control varied from 51 to 95% [73] . Sethoxydim applied to the same height Texas millet or southern crabgrass controlled Texas millet 79 to 87% and southern crabgrass control was no better than 76% [73] . Herbicides and rates included clethodim at 0.14 kg ai/ha and sethoxydim at 0.21 kg ai/ha. Fungicides and rates included pyraclostrobin at 0.27 kg ai/ha, tebuconazole at 0.23 kg ai/ha, and the premix of prothioconazole at 0.084 kg ai/ha + tebuconazole at 0.168 kg ai/ha. Data were combined over fungicides due to a lack of interaction. Lancaster et al. [8, 9] reported large crabgrass control was reduced with clethodim when applied with pyraclostrobin, chlorothalonil, and azoxystrobin; however, fluazinam, propiconazole plus trifloxystrobin, and tebuconazole did not reduce large crabgrass control by clethodim. Similarly, Jordan et al. [66] reported that azoxystrobin and chlorothalonil, but not tebuconazole, reduced annual grass control by clethodim. Also Lancaster et al. [8, 9] reported that large crabgrass control was reduced when sethoxydim was applied with azoxystrobin or pyraclostrobin, but not fluazinam, propiconazole plus trifloxystrobin, or tebuconazole. (Table 3) . However, only herbicide effects were significant at Lamesa in 2007 and Halfway and Yoakum in 2009 (Table 4) .
Palmer amaranth control
In 2007 at Yoakum, lactofen, aciflurofen, and imazapic alone controlled Palmer amaranth at least 91% while 2,4-DB and imazethapyr alone provided 83% and 68% control, respectively (Table 3) . Lactofen plus tebuconazole and aciflurofen plus either the premix of prothioconazole plus tebuconazole or tebuconazole reduced Palmer amaranth control over each respective herbicide applied alone. In 2008 at Yoakum, all herbicides alone controlled Palmer amaranth at least 92%. Reduced control from each respective herbicide alone was noted with acifluorfen plus either pyraclostrobin or tebuconazole and imazethapyr or 2,4-DB plus pyraclostrobin. At the Halfway location, lactofen and aciflurofen alone provided poor control (≤ 25%) of Palmer amaranth while imazethapyr, imazapic, and 2,4-DB controlled Palmer amaranth at least 77% (Table 3) . Only the combination of 2,4-DB plus the premix of prothioconazole plus tebuconazole reduced control when compared to 2,4-DB alone.
At Lamesa, all herbicides controlled Palmer amaranth less than 60% while at Yoakum there was no difference in Palmer amaranth control following all herbicide treatments (Table 4) . At the Halfway location, lactofen, imazapic, and imazethapyr controlled Palmer amaranth at least 98% while 2,4-DB and aciflurofen controlled this weed 75% and 54%, respectively.
Grichar [74] reported that imazapic at 0.04 to 0.07 kg/ha controlled Palmer amaranth at least 95% when applied to weeds that were less than 15 cm tall while imazethapyr provided at least 90% control in 2 of 3 years. In other research, Jordan et al. [66] reported that smooth pigweed (A. hybridus L.) control by imazethapyr was reduced by tank mixing with fungicides.
Horse purslane control
There was an herbicide by fungicide interaction for horse purslane in 2009. Lactofen and 2,4-DB alone and in combination with fungicides provided almost complete control of horse purslane (Table 3) . Aciflurofen alone controlled 97% horse purslane while antagonism was noted with acifluorfen plus the premix of prothioconazole plus tebuconazole combinations. All imazethapyr plus fungicide combinations reduced horse purslane control compared to imazethapyr alone. Imazapic alone or in combination failed to control horse purslane.
Horse purslane can be a stronger competitor with peanut early in the growing season than common purslane due to a more upright growth than that of common purslane [75] . Grichar [75] reported that aciflurofen and lactofen alone or combinations of these herbicides with 2,4-DB controlled horse purslane at least 70% when evaluated 21 days after treatment (DAT), but no greater than 75% control was observed when rated up to 115 DAT. In later work, Grichar [76] reported that in one year, lactofen applied to horse purslane less than 15 cm tall controlled this weed 93% while in another year, lactofen applied to horse purslane less than 15 cm tall or 20 to 30 cm tall provided at least 93% control while acifluorfen applied to horse purslane less than 15 cm tall controlled this weed 77%. Herbicides and rates included aciflurofen at 0.42 kg ai/ha, imazapic at 0.07 kg ai/ha, imazethapyr at 0.07 kg ai/ha, lactofen at 0.22 kg ai/ha, or 2,4-DB at 0.42 kg ai/ha. Fungicides and rates included pyraclostrobin at 0.27 kg ai/ha, tebuconazole at 0.23 kg ai/ha, and the premix of prothioconazole at 0.084 kg ai/ha + tebuconazole at 0.168 kg ai/ha. 
Smellmelon control
Only herbicides were significant for smellmelon control (Table 4) . No difference in smellmelon control was noted with any herbicides in 2007, while in 2008 imazethapyr produced the worst control. In 2009, lactofen controlled less smellmelon than imazapic. Grichar [76] reported that imazapic provided the most consistent control of smellmelon while acifluorfen, imazethapyr, imazapic, and lactofen controlled at least 80% smellmelon in some years but in other years control was less than 70%. Imazapic at 0.04 to 0.07 kg/ha controlled smellmelon greater than 90% in corn (Zea mays L.) regardless whether applied PRE, early POST, or late POST [77] . Grichar [78] reported that imazapic provided consistent control (> 85%) of citronmelon (Citrullus lanatus var. citroides) in peanut. Typically, season-long smellmelon control with 2,4-DB is poor. This can be attributed to lack of any residual activity of 2,4-DB and continued germination of seed and smellmelon growth [76] .
Peanut phytotoxicity with tank mix combinations
Clethodim/sethoxydim plus fungicide combinations
No peanut phytotoxicity was noted with any graminicide by fungicide combinations at Yoakum or Halfway (data not shown); however, at Lamesa there was a treatment by year interaction. Data are pooled over herbicides due to a lack of interaction. Herbicides and rates included aciflurofen at 0.42 kg ai/ha, imazapic at 0.07 kg ai/ha, imazethapyr at 0.07 kg ai/ha, lactofen at 0.22 kg ai/ha, or 2,4-DB at 0.42 kg ai/ha. Fungicides and rates included pyraclostrobin at 0.27 kg ai/ha, tebuconazole at 0.23 kg ai/ha, and the premix of prothioconazole at 0.084 kg ai/ha + tebuconazole at 0.168 kg ai/ha. In 2007 (with Texas millet pressure) and in 2009 (weed-free), peanut phytotoxicity (up to 12%) was evident with clethodim and sethoxydim combinations with either pyraclostrobin, tebuconazole, and the premix of prothioconazole + tebuconazole up to two weeks after application (Table 5 ). In 2007, clethodim, sethoxydim, or tebuconazole alone or clethodim or sethoxydim in combination with tebuconazole caused no phytotoxicity. All other combinations resulted in at least 3% phytotoxicity. Either graminicide in combination with prothioconazole plus tebuconazole or prothioconazole plus tebuconazole alone caused the greatest phytotoxicity. In 2009, similar results were noted; however, pyraclostrobin alone or in combination with either graminicide caused the greatest injury (Table 5 ). Subsequent new growth did not exhibit adverse effects of any tank-mix combination and was 2% or less, four weeks after application (data not shown). Herbicides and rates included clethodim at 0.14 kg ai/ha and sethoxydim at 0.21 kg ai/ha. Fungicides and rates included pyraclostrobin at 0.27 kg ai/ha, tebuconazole at 0.23 kg ai/ha, and the premix of prothioconazole at 0.084 kg ai/ha + tebuconazole at 0.168 kg ai/ha. 
Aciflurofen, imazapic, imazethapyr, lactofen, or 2,4-DB plus fungicide combinations
Phytotoxicity observations were not recorded in the weed efficacy studies with the exception of Yoakum in 2008; however, phytotoxicity ratings were recorded in the weed-free studies conducted at Lemasa in 2008 and 2009 and Halfway in 2009. In these studies, there was a significant herbicide by fungicide interaction; therefore, data are presented separately by location. Phytotoxicity varied across locations and treatments but in most instances was greater with the use of aciflurofen or lactofen.
In 2008 at Yoakum, lactofen alone and in combination with prothioconazole plus tebuconazole or tebuconazole alone caused at least 10% peanut phytotoxicity while aciflurofen alone or in combination with any of the fungicides caused 4 to 7% phytotoxicity. At Lamesa, combinations with aciflurofen, lactofen, and 2,4-DB caused the greatest injury (Table 6) . Imazethapyr or imazapic alone or in combination with pyraclostrobin resulted in no injury. Imazethapyr plus tebuconazole caused no injury while imazapic plus tebuconazole resulted in 10% injury.
In 2009 at Lamesa, imazapic, imazethapyr, and 2,4-DB alone resulted in no injury; however, imazapic plus either pyraclostrobin or prothioconazole plus tebuconazole, imazapic plus pyraclostrobin, and 2,4-DB plus any fungicide resulted in 5 to 15% phytotoxicity (Table 6 ). Slight peanut phytotoxicity was also noted with the fungicides pyraclostrobin and tebuconazole. At Halfway, peanut injury with aciflurofen or lactofen was greater than at Lamesa with the exception of lactofen plus pyraclostrobin which caused 9 to 10% injury at both locations (Table 6 ).
Peanut yield as influenced by tank mix combinations
Under weed-free conditions, when using either the grass or broadleaf herbicides with fungicides, no negative response with respect to peanut yield was noted when compared with the non-treated control for either runner or Spanish market types (data not shown). Most studies conducted on herbicide-fungicide interactions on peanut have focused on either weed efficacy or disease control and few have reported on effect on peanut yield. No studies could be found that reported any peanut yield reductions with clethodim or sethoxydim under weedfree conditions. Although lactofen at 0.22 kg/ha caused peanut leaf bronzing and spotting [74] , lactofen produced a similar yield when compared to the untreated, weed-free control [79] . Richburg et al. [80] reported no yield differences with runner, Spanish, or Virginia peanut cultivars with imazethapyr at 0.07 kg/ha in Georgia or Texas. No reduction in peanut grade or yield following imazapic treatments have been observed in several studies [76, 81, 82] . Grichar et al. [83] reported that single and multiple applications of 2,4-DB at 0.45 kg/ha did not affect runner-type yield. Herbicides and rates included aciflurofen at 0.42 kg ai/ha, imazapic at 0.07 kg ai/ha, imazethapyr at 0.07 kg ai/ha, lactofen at 0.22 kg ai/ha, or 2,4-DB at 0.42 kg ai/ha. Fungicides and rates included pyraclostrobin at 0.27 kg ai/ha, tebuconazole at 0.23 kg ai/ha, and the premix of prothioconazole at 0.084 kg ai/ha + tebuconazole at 0.168 kg ai/ha. c Rating index: 0=no leaf chlorosis or necrosis, 100=plants completely dead. Table 6 . Peanut phytotoxicity with herbicide-fungicide combinations when rated 12 to 15 days after treatment. (Table 7) . In central Texas, rainfall amounts in 2008 were below average for all months (May through November) with the exception of July which was slightly above average while in 2009 rainfall was below average for all months with the exception of July and October (Table 7) .
South Texas
Central Texas 
Early leaf spot control in South Texas
There was an herbicide by fungicide interaction for early leaf spot control in 2008 and 2009. In 2010, the main plots of herbicide and fungicide were significant for early leaf spot control; therefore, that data were averaged over herbicides and fungicides only. Foliar disease development was moderate in 2008 due to extreme drought and hot conditions that persisted throughout the 2008 and the early portion of the 2009 growing seasons. Typically, early leaf spot epidemics are favored by temperatures of approximately 16 to 250 C and long periods of high relative humidity are required for infections to occur [84] . All herbicides alone, with the exception of sethoxydim and lactofen, were not different from the non-treated control with respect to early leaf spot development in 2008 (Table 8 ). All fungicides alone or in combination with any of the herbicides produced leaf spot levels that were less than the non-treated control. When individual fungicides were compared with the respective fungicide plus herbicide treatments some differences were noted. Pyraclostrobin alone resulted in less early leaf spot than pyraclostrobin plus either imazapic, lactofen, or sethoxydim. No differences were noted between tebuconazole alone or in combination with any herbicide. Prothioconazole plus tebuconazole alone resulted in less early leaf spot than prothioconazole plus tebuconazole in combination with acifluorfen (Table 8) . Fungicides and rates: pyraclostrobin at 0.27 kg ai/ha, tebuconazole at 0.23 kg ai/ha, and the premix of prothioconazole at 0.084 kg ai/ha + tebuconazole at 0.168 kg ai/ha. Herbicides and rates included clethodim at 0.14 kg ai/ha, sethoxydim at 0.21 kg ai/ha, aciflurofen at 0.42 kg ai/ha, imazapic at 0.07 kg ai/ha, imazethapyr at 0.07 kg ai/ha, lactofen at 0.22 kg ai/ha, or 2,4-DB at 0.42 kg ai/ha. Peanut phytotoxicity ratings (leaf chlorosis and necrosis) ratings were taken 7 days after treatment. Peanut injury was visually estimated on a scale of 0 to 100 (0 indicating no leaf chlorosis or necrosis and 100 indicating complete peanut kill), relative to the non-treated control. Although early-season rainfall was below normal in 2009, September rainfall was above normal leading to conditions for late-season development of high levels of foliar diseases. No differences were noted between the non-treated control and any herbicide with respect to early leaf spot control (Table 8 ). All fungicides alone or in combination with herbicides resulted in less early leaf spot than the non-treated control. When fungicides were compared alone or in combination, pyraclostrobin alone resulted in less early leaf spot than the combination of pyraclostrobin plus imazapic while tebuconazole alone resulted in less leaf spot than tebuconazole plus either imazapic or aciflurofen. No differences were noted between prothioconazole plus tebuconazole alone or in combination with any herbicides. Fungicides and rates: pyraclostrobin at 0.27 kg ai/ha, tebuconazole at 0.23 kg ai/ha, and the premix of prothioconazole at 0.084 kg ai/ha plus tebuconazole at 0.168 kg ai/ha. Herbicides and rates included clethodim at 0.14 kg ai/ha, sethoxydim at 0.21 kg ai/ha, aciflurofen at 0.42 kg ai/ha, imazapic at 0.07 kg ai/ha, imazethapyr at 0.07 kg ai/ha, lactofen at 0.22 kg ai/ha, or 2,4-DB at 0.42 kg ai/ha. Weather conditions in 2010 were conducive for development of early leaf spot (Table 7) . When herbicides were compared, aciflurofen, imazethapyr, and lactofen resulted in greater early leaf spot than where no herbicide was used ( Table 9 ). All fungicides resulted in less early leaf spot than where no fungicide was used.
Early leaf spot control in central Texas
Early leaf spot data was collected only in 2008 and neither fungicide nor herbicide effects were significant. Due to dry conditions, early leaf spot pressure was moderate and there were no differences with any factors (Table 10 ). Management of early and late leaf spot of peanut is essential for peanut production in most areas of the world [59] . In the southeastern United States, control of these diseases is heavily reliant upon multiple fungicide applications [59, 84] while far fewer applications are necessary in the southwestern United States [53, 56, 85] .
Southern blight control
Control of southern blight was not significant for any factor in 2008; however, in 2010 there was a fungicide by herbicide interaction. Since peanut were not dug in 2009, no southern blight ratings were taken. In 2008, no differences were noted with respect to development of southern blight (Table 8 ). In 2010, under low to moderate pressure, sethoxydim alone produced the highest levels of southern blight with over 85% disease incidence (Table 9 ). No differences were noted between fungicides alone or the combinations of a fungicide with a herbicide.
5.1.4.Sclerotinia blight control
Sclerotinia blight control was significant for both fungicides in both years; whereas herbicides did not impact disease control. Sclerotinia blight pressure was moderate to heavy in each year (Table 10 ). In 2008, fluazinam provided the best control of Sclerotinia blight compared with the non-treated control while both boscalid and fluazinam reduced Sclerotinia blight compared to the non-treated control in 2009. Fluazinam has provided good to excellent disease control depending on the rate applied [86] [87] [88] . Smith et al. [89] reported in field studies that the application of boscalid or fluazinam that preceded the largest incremental increase in disease incidence provided the best control of disease or increased yield. They advised that disease advisories or intensive scouting should be used to determine when epidemics initiate so that a fungicide can be applied prior to infection.
Peanut phytotoxicity with tank mix combinations
In south Texas, peanut phytotoxicity ratings were recorded in 2009 and 2010 and an herbicide by fungicide interaction was observed in each year. In 2009, lactofen alone or in combination with any fungicide resulted in the greatest amount of foliar chlorosis or necrosis (Table 8 ). The addition of a fungicide to lactofen reduced phytotoxicity 10 to 64% compared with lactofen alone. Lactofen is classified as a diphenyl ether (cell membrane disruptor), which interferes with protoporphyrinogen IX oxidase and causes accumulation of protoporphyrin IX [90] . Protoporphyrinogen IX is a potent photosensitizer that generates high levels of singlet oxygen in the presence of molecular oxygen and light, leading to light-induced oxidative breakdown of cell constituents [90] . Aciflurofen, also a diphenyl ether herbicide, caused injury similar to lactofen; however, this injury was not as great as that observed with lactofen (Table 8) . Peanut and soybean (Glycine max L.) tolerance to aciflurofen and lactofen is based on metabolism, which often results in some leaf bronzing and spotting of leaves and plant growth can be temporarily reduced [79, 91] .
In 2010, aciflurofen and lactofen exhibited similar phytotoxicity symptoms as exhibited in 2009; however, more phytotoxicity overall was noted with other fungicide-herbicide combinations than was seen in 2009. This increase in phytotoxicity was probably due to the addition of Agridex to all treatments in 2010, which was not added in 2008 or 2009. Phytotoxicity was noted with pyraclostrobin, which is never seen (authors personal observations). Pyraclostrobin and prothioconazole plus tebuconazole combinations with herbicides were more phytotoxic than tebuconazole combinations with herbicides. With tebuconazole, other than aciflurofen or lactofen, only the combination of tebuconazole plus 2,4-DB resulted in observed phytotoxcity. However, with pyraclostrobin or prothioconazole plus tebuconazole, phytotoxicity resulted from combinations with either clethodim, sethoxydim, imazethapyr, or imazapic in addition to aciflurofen or lactofen (Table 8 ).
Peanut yield with tank mix combinations
In south Texas, there was a fungicide by herbicide interaction for peanut yield in 2008; therefore, data are presented as an interaction while in 2010 only fungicide treatment was significant. In 2008, no treatments affected peanut yield when compared with the non-treated control (Table 8 ). Only pyraclostrobin alone or tebuconazole plus 2,4-DB resulted in an increase in yield over the non-treated control. The lack of response to fungicides is probably related to (Table 9) .
In central Texas, there was no difference with any factor in 2008; however, a significant fungicide by herbicide interaction was observed in 2009. In 2008, there were no differences with any factor for yield while in 2009 there was a fungicide by herbicide interaction; however, yields were extremely variable (Table 11 ). Damicone and Jackson [92] reported that yield reductions of over 50% can occur following severe outbreaks of Sclerotinia blight. All boscalid or fluazinam treatments improved peanut yield over the non-treated control . Boscalid alone or in combination with sethoxydim produced greater yield than fluazinam alone or fluazinam in combination with sethoxydim. This agrees with the results of Smith et al. [89] who reported that in both field and greenhouse studies, boscalid performed marginally better than fluazinam.
Conclusions of using tank mix combinations on weed efficacy and peanut response
Adding fungicides to either clethodim or sethoxydim did not have an effect on annual grass efficacy. No phytotoxicity was noted on peanut and yield was not affected with any gramini- cide -fungicide combinations. Lancaster et al. [8] reported that pyraclostrobin and tebuconazole did not reduce the amount of 14 C-labled clethodim or sethoxydim absorbed in large crabgrass. Although tebuconazole did not reduce efficacy of either graminicide in the field, pyraclostrobin reduced efficacy of clethodim and sethoxydim in some instances. They concluded that reduced absorption was not the mechanism for reduced large crabgrass control but may be the result of a biological response or a chemical interaction. Pyraclostrobin is a strobilurin fungicide which inhibits fungal respiration and acts systemically within the plant [93] . Therefore, the formulated product is not likely to remain on leaf surfaces and interfere with herbicide absorption [8, 9] . With Palmer amaranth, antagonism was noted 33% of the time with aciflurofen plus either pyraclostrobin or tebuconazole and 2,4-DB plus pyraclostrobin. Horse purslane also exhibited reduced control with herbicide-fungicides while smellmelon showed no effects of these combinations. Peanut leaf phytotoxicity was most evident with combinations that included aciflurofen or lactofen but this is to be expected since these two herbicides can cause bronzing and leaf spotting when applied alone.
Conclusion of tank mix combinations on disease control and peanut response
Control of early leaf spot was reduced with pyraclostrobin plus imazapic combinations compared with pyraclostrobin alone in two of three years while pyraclostrobin plus either sethoxydim or lactofen, tebuconazole plus either clethodim or aciflurofen or the premix of prothioconazole plus tebuconazole in combination with aciflurofen reduced leaf spot control over the respective fungicide in one of three years. Fungicide-herbicide combinations did not affect southern blight or Sclerotinia blight disease development over the respective fungicide alone. Peanut phytotoxicity was greatest with aciflurofen or lactofen combinations. Under early leaf spot and southern blight or Sclerotinia blight disease pressure, no negative response was noted for peanut yield with any fungicide-herbicide combinations over the respective fungicide alone.
Many variables can affect interactions of herbicides with fungicides. Adjuvant selection, herbicide and fungicide rate, commercial formulation, active ingredient, spray volume, water quality, and environmental conditions can affect interactions [61] . Applying a higher rate of the herbicide that may be adversely affected can compensate for interactions [94] [95] [96] . Applying ammonium sulfate with bentazon reduced the negative effect of adding bentazon to clethodim or sethoxydim [97, 98, 99] . Differential response to clethodim has been noted when applied with different formulations of chlorothalonil [66] . Applying graminicides in higher spray volumes can hasten the negative influence of herbicides and fungicides on weed control by graminicides [66, 100, 101] . Environmental conditions that affect plant response to herbicides or fungicides can influence the magnitude of interactions. Negative effects of interactions associated with the efficacy of systemic herbicides, especially graminicides, are increased when grasses are stressed and the physiological processes that reduce absorption and translocation occur [63, [102] [103] [104] [105] .
